Background Early diagnosis of chronic obstructive pulmonary disease (COPD) with latent pulmonary hypertension (PH) and cor pulmonale is important because the prognosis of this condition is poor. Objective To investigate the utility of brain natriuretic peptide (BNP) for prognostication of COPD, plasma BNP was measured in patients with COPD without symptoms or physical findings of PH or cor pulmonale. Methods Plasma BNP was measured in 60 patients with COPD, 10 asthmatics, and 30 healthy subjects. Echocardiography, arterial blood gas analysis, and spirometry were also performed. Mortality and exacerbation were compared between COPD patients with high and low plasma BNP levels over a 3-year follow-up period. Results Plasma BNP (mean ± SEM, pg/mL) in COPD patients (41.0±6.6) was significantly higher than in normal subjects (14.8±2.7) and asthmatics (17.4±4.5) (p<0.0001 and p<0.05, respectively). No significant correlations were observed between plasma BNP level and pulmonary function or hypoxia. There was, however, a significant correlation between plasma BNP level and % ejection fraction (r=-0.41, p=0.0197) and pulmonary artery systolic pressure (r=0.5, p=0.004). The period until initial COPD exacerbation in subjects with a high plasma BNP level was significantly shorter (p<0.05). Plasma BNP level during exacerbations (79.9±16.2) was also significantly higher than during stable disease (41.2±8.7) (p=0.004). Conclusion We suggest that plasma BNP is a non-invasive biomarker that can be used as a screening parameter for latent PH and left ventricular dysfunction, and also as a predictor of exacerbation in stable COPD.
Introduction
In order to improve the outcome of patients with chronic obstructive pulmonary disease (COPD), early diagnosis and intervention for comorbidities are important (1) . Previous large trials have suggested that the most frequent of cause of death in patients with COPD is cardiac, rather than respiratory complication (2, 3) . Secondary pulmonary hypertension (PH) and cor pulmonale are also important causes of death and poor prognosis in COPD (4, 5) . Therefore, early detection of PH or cor pulmonale is beneficial for the management of patients with COPD.
Right heart catheterization has been used for diagnosis and assessment of the severity of PH and cor pulmonale. However, recent studies have not demonstrated any sustained benefits of right heart catheterization for the monitoring of heart failure, and some have even suggested harm due to adverse events related to this invasive procedure (6, 7) . Plasma brain natriuretic peptide (BNP) is a useful noninvasive biomarker for the diagnosis and monitoring of cardiac diseases and heart failure (8, 9) . In addition, it is well known that plasma BNP levels are elevated in patients with secondary PH and chronic lung disease with right ventricular overload (10) (11) (12) (13) .
Patients who have stable COPD without significant PH or cor pulmonale have not been studied, although it has been reported that an increased BNP concentration is a risk factor for death independent of chronic lung disease (14) . The aim of the present study was to investigate the utility of the plasma BNP level as an indicator of prognosis in patients with stable and exacerbated COPD, who had no significant symptoms or physical evidence of PH and cor pulmonale. We also performed a 3-year prospective follow-up study.
Methods

Subjects
Subjects aged 40 years and over were enrolled in this study. Patients with other chronic respiratory diseases such as interstitial pneumonia, old pulmonary tuberculosis, bronchiectasis, and pneumoconiosis were carefully excluded, as were patients with a history of symptoms and medication for cardiac, renal, neurological and psychological diseases, and active malignancies.
Thirty normal subjects (non-smokers n=17; former smokers (smoking index >10 pack-years) n=13), 60 COPD patients and 10 asthmatic patients were enrolled in this study. The numbers of patients with mild, moderate, severe, and very severe COPD were 12, 21, 16, and 11, respectively (Table 1) . Patients with severe and very severe COPD were significantly older than patients in the other groups (p< 0.05), and the percentage reversibility in FEV1 from pre-to post-bronchodilators, the absolute number of peripheral eosinophils, and the level of serum immunoglobulin E (IgE) in the asthmatic patients were significantly higher than in the other groups (p<0.05). The mean concentration of serum C-reactive protein (CRP) in the COPD patients was higher than that in the normal and asthmatic subjects (p<0.001). Mean PaO2 in patients with severe and very severe COPD was significantly lower than in the other groups (p<0.05).
Definition of COPD
COPD patients with a smoking index of >10 pack-years and respiratory symptoms related to COPD were enrolled. COPD was diagnosed and its severity assessed in accordance with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2006 guidelines (1) . To examine the utility of the plasma BNP level in patients with stable COPD, those with associated definitive cardiac diseases, congestive heart failure, PH and cor pulmonale were excluded. Subjects with COPD who had symptoms or a history of edema, ascites, and dilatation of the jugular vein, or signs of hepato-splenomegaly were also excluded.
Definition of severe asthma
For comparison with COPD patients, non-smoking patients with persistent severe asthma were selected as matched controls. Asthma was diagnosed in accordance with the Global Initiative for Asthma (GINA) 2006 guidelines (15) . Severe persistent asthma was defined as reported by Wenzel (16) . All asthmatics had persistent airway obstruction defined as a forced expiratory volume in 1 second (FEV1) of <80% of predicted and diurnal peak expiratory flow variability >20%, or had often required oral corticosteroids, despite regular combination therapy with high-dose inhaled corticosteroid, long-acting beta agonists and leukotriene antagonists in the last 12 months. Asthmatic subjects with cardiac diseases were excluded.
Abbreviation: %: percent
Study design
All procedures used in this study were approved by the ethics committees of Kurume University. Each subject provided medical information including history of admissions for COPD exacerbation, physical examination, blood tests, chest X-ray, chest computed tomography, arterial blood gas analysis, echocardiography and spirometry after informed consent had been obtained. Arterial blood was drawn from 51 COPD patients after being sedentary for 10 minute breathing room air. Arterial oxygen partial pressure (PaO2) was measured immediately using an automatic blood gas analyzer (Omni C , Roche Diagnostics Co., Tokyo, Japan). To evaluate respiratory failure in the remaining 9 COPD patients, oxygen saturation was measured using a pulse oximeter (PULSOX-300i , Konica Minolta Sensing Inc., Osaka, Japan), because informed consent for arterial blood gas analysis could not be obtained.
Peripheral blood was drawn from 09:00 to 12:00 hour and the samples were examined immediately. The absolute number of peripheral blood eosinophils was calculated using an automatic cell sorting system (XE-2100, Sysmex TMC Co., Kobe, Japan). The concentration of serum "CRP" was measured using a latex immunoturbidimetric assay kit (Iatro CRP-Ex , Mitsubishi Kagaku Iatron Co., Chiba, Japan). Serum total "IgE" levels were measured using a chemiluminescence enzyme immunoassay kit (DPC-Immulyze Total IgE III , Mitsubishi Kagaku Iatron Co.). Plasma BNP levels were measured from fresh peripheral blood in 1.5 mg/mL EDTA-1Na using an immuno-enzymometric assay kit (E test (TOSOH) II BNP , Tosoh Co., Tokyo, Japan). The lower limits of detection were 1 mg/mL, 1 IU/mL, and 4 pg/mL, for CRP, IgE, and BNP, respectively. Values below these were assigned half the value of the lowest detectable limit for purposes of statistical analysis.
All subjects with COPD were followed for 3 years prospectively after all examinations had been completed. Each subject visited the hospital every 4 weeks. Plasma BNP levels were measured immediately (within a mean of 4 days) if exacerbation occurred during follow-up. The severity of exacerbation was classified as described by Rodriguez-Roisin (17) . We also contacted all subjects or their families after 3 years to investigate death or survival.
Abbreviations: IU/mL: international unit per milliliter, mg/ mL: milligram per milliliter, pg/mL: picogram per milliliter 
Spirometry
Spirometry was performed using an electrical spirometer (Chestgraph Jr. HI-101, CHEST Ltd., Tokyo, Japan) before and 30 minute after inhalation of a bronchodilator (200 μg of salbutamol). Spirometry was performed three times with flow-volume curve maneuvers in each subject, and the best effort of forced vital capacity (FVC) or FEV1 was recorded in accordance with the ATS recommendations (18) .
Abbreviation: ATS: American Thoracic Society
Echocardiography
After the blood test, echocardiography was performed by cardiologists in 32 of the patients with COPD. Diameter of the aorta and left atrium, thickness of the interventricular septum and posterior left ventricular wall and % ejection fraction were measured. The pulmonary artery systolic pres-sure (PASP) was analyzed in terms of tricuspid regurgitation peak velocity (TRPV) and right atrial pressure (RAP) using a color-Doppler technique (PASP=4×TRPV+RAP) (19) .
Statistical analysis
All data are expressed as the mean and standard error of the mean (SEM). Plasma BNP levels are also expressed as BNP/age, because previous studies have demonstrated that plasma BNP levels are affected by aging as well as gender (20) . Unpaired t-tests were used for comparison among groups and corrected by Mann-Whitney U test. Correlations were determined by Spearman's rank correlation test. For the outcomes of the 3-year follow-up study, the mortality and proportion of subjects who had at least one episode of exacerbation were compared between groups by Fisher's exact test, and the period until first exacerbation and death were analyzed by log rank test. All comparisons were two- tailed, and differences at p<0.05 were considered significant. Data analysis was conducted using JMP for Windows, version 12 (SAS Institute Inc., Cary, NC).
Results
Plasma BNP levels in normal subjects
The plasma BNP level (mean ± SEM) in normal subjects was 14.8±2.7 pg/mL. Gender comparison showed that the plasma BNP level in 9 women (22.6±3.9 pg/mL) was significantly higher than that in 21 males (11.5±1.4 pg/mL) (p< 0.0001) (Fig. 1a ). There was no difference in plasma BNP levels between 17 non-smokers (14.1±2.6 pg/mL) and 13 smokers (15.7±2.3 pg/mL) (Fig. 1b) . Plasma BNP level was correlated significantly with age (r=0.59, p=0.0006) (Fig. 1b ), but not with %FVC (p>0.05) or %FEV1 (p>0.05) (Figs. 1c, 1d ).
Plasma BNP levels in patients with COPD and asthma
The plasma BNP level (mean ± SEM) in COPD patients (41.0±6.6 pg/mL) was significantly higher than that in normal subjects (14.8±2.7 pg/mL) and patients with asthma (17.4±4.5 pg/mL) (p<0.0001 and p<0.05, respectively) (Fig. 2) . The plasma BNP level in COPD patients was significantly higher than in non-smokers and smokers, and increased with disease severity (p<0.01) (Fig. 2) .
To eliminate factors associated with age, the index of plasma BNP level/age was calculated, and was shown to be higher in COPD patients than in normal subjects and asthmatic patients, and to increase with disease severity (data not shown).
Correlation between plasma BNP level and %FEV1, arterial blood gas parameters, cardiac function, and pulmonary artery systolic pressure (PASP)
The plasma BNP level was significantly correlated with % ejection fraction (r=-0.41, p=0.0197) and PASP (r=0.5, p=0.004), but not with %FEV1 after the use of a bronchodilator and PaO2 (Fig. 3) . There was also a significant negative correlation between % ejection fraction and PASP (r=-0.49, p=0.0069). However, there was no correlation between plasma BNP level and PaCO2 (data not shown).
Plasma BNP level and previous hospital admission for COPD exacerbation
Twenty-one of the 60 patients with COPD had a history of one or more hospital admissions for exacerbation. The plasma BNP level (mean ± SEM) in subjects who had a history of hospital admission for exacerbation (66.2±16.7 pg/ mL) was significantly higher than in those who did not (27. 4±3.2 pg/mL) (p=0.0039) (Fig. 4) . 
F i g u r e 2 . P l a s ma B NP l e v e l s i n p a t i e n t s wi t h COP D i n c o mp a r i s o n t o n o r ma l s u b j e c t s a n d a s t hma t i c s , a n d i n r e l a t i o n t o COP D s e v e r i t y . Al l d a t a a r e e x p r e s s e d a s me a n ± S E M. P l a s ma B NP l e ve l s i n n o r ma l s u b j e c t s , a n d i n p a t i e n t s wi t h COP D a n d s e v e r e p e r s i s t e n t a s t h ma , a r e s h o wn a s c l e a r , s o l i d , a n d h a t c h e d b a r s , r e s p e c t i v e l y ( l e f t ) , a n d a r e c o mp a r e d b e t we e n g r o u p s o f d i f f e r e n t d i s e a s e s ev e r i t y , a n d b e t we e n n o n -a n d f o r me r s mo k e r s ( r i g h t ) . * p <
F i g u r e 3 . Co r r e l a t i o n b e t we e n p l a s ma B NP l e v e l s a n d %F E V1 , a r t e r i a l b l o o d g a s p a r a me t e r s , c a r d i a c f u n c t i o n , a n d p u l mo n a r y a r t e r y s y s t o l i c p r e s s u r e . a ) Co r r e l a t i o n b e t we e n p l a s ma B NP l e v e l a n d %F E V1 ( n = 6 0 ) . b ) Co r r e l a t i o n b e t we e n p l a s ma B NP l e v e l a n d P a O2 ( n = 5 1 ) . c ) Co r r e l a t i o n b e t we e n p l a s ma B NP l e v e l a n d % e j e c t i o n f r a c t i o n ( n = 3 2 ) d ) Co r r e l a t i o n b e t we e n p l a s ma B NP l e v e l a n d p u l mo n a r y a r t e r y s y s t o l i c p r e s s u r e ( n = 3 2 ) . n = t e s t e d n u mb e r .
Prospective evaluation of mortality and exacerbation in COPD patients
We calculated the cut-off value of the plasma BNP level (>34.2 pg/mL as high BNP) as the mean +2SD from data of normal subjects. The numbers of COPD patients with high and low BNP levels at the first visit were 22 and 38, respectively. During the 3 years of follow-up, two subjects died; one due to lung cancer and the other to respiratory tract infection. COPD was very severe in both of these patients, and the plasma BNP levels were 111.0 and 124.8 pg/mL. There was no difference in mortality between patients with 
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high and low BNP levels. 030 -7.412, p=0.0519) . Univariate analysis showed that the period until initial COPD exacerbation was significantly shorter in patients with higher severity than in those with lower severity (p< 0.0001) (Fig. 5a) . The period until initial exacerbation in patients with high BNP levels was also significantly shorter than in those with low BNP levels (p=0.0285) (Fig. 5b) .
Multivariate logistic regression analysis showed that the hazard ratios in the more severe group and high BNP group for the period until initial exacerbation were 19 .03 (95% CI 3.72 -347.60, p<0.0001) and 3.78 (95% CI 1. 24 -12.66 , p= 0.0194), respectively.
Abbreviation: SD: standard deviation
Change in plasma BNP levels in patients with COPD exacerbation
Seventeen episodes of exacerbation (severity of exacerbation: mild n=6; moderate n=7; severe n=3) were identified in 13 COPD patients. All three episodes of severe and one of the episodes of moderate exacerbation required hospital admission. Plasma BNP levels (mean ± SEM) during exacerbation (79.9±16.2 pg/mL) were significantly higher than in patients with stable COPD (41.2±8.7 pg/mL) (p=0.004), with the exception of 2 episodes when the levels were not higher. Plasma BNP levels during severe exacerbation tended to be higher than in episodes of mild and moderate exacerbation (Fig. 6 ).
Discussion
In the present study, we demonstrated that plasma BNP levels in patients with stable COPD who did not have any symptoms or physical findings of PH or cor pulmonale were significantly higher than those of healthy subjects and patients with severe asthma, and the level increased significantly with disease severity. These results were also confirmed when factors related to age and gender were eliminated, because it is known that plasma BNP levels are affected by these factors. Plasma BNP levels in subjects who had a history of admission for exacerbation were significantly higher than in those who did not. During 3 years of prospective follow-up, there was no marked correlation between high plasma BNP levels and mortality due to COPD. The proportion of subjects with exacerbation who had a high BNP level tended to be higher than that of subjects F i g u r e 6 . Ch a n g e s i n p with a low BNP level, and the period until initial exacerbation in subjects with a high BNP level was also significantly shorter than in those with a low level. In addition, we demonstrated that the plasma BNP level was elevated when exacerbation occurred.
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Exacerbation affects the quality of life and prognosis of patients with COPD (1) . Previous studies have suggested that risk factors for exacerbation requiring hospitalization include more severe disease, low FEV1, functional dyspnea, advanced age, presence of cardiovascular comorbidities, low body mass index, and low physical activity (21) (22) (23) . Examination of the plasma BNP level would be helpful for identifying the probability of exacerbation, although the impact might be less in patients with less severe disease. Multivariate logistic regression analysis suggested that the presence of a high plasma BNP level could be an independent risk factor for exacerbation in stable COPD. With regard to the cut-off value, plasma BNP levels used for the screening of heart failure have ranged from 50 to 100 pg/mL (24) (25) (26) (27) , and one systematic review has reported that an increase in the plasma BNP level by 100 pg/mL is associated with a 35% increase in the relative risk of death due to cardiovascular disease (28) . An elevated BNP level is also associated with the presence of PH and is a risk factor of death in patients with pulmonary fibrosis and COPD (12-14, 29, 30) . However, the cut-off level of plasma BNP for estimation of mortality and exacerbation in patients with stable COPD without significant PH or cor pulmonale has been unclear. In the present study, the period until initial COPD exacerbation in subjects with high plasma BNP levels was significantly shorter than in those with low BNP levels, when a cut-off value of 34.2 pg/mL was employed. It is possible that patients with stable COPD who have high plasma BNP levels may have some underlying disorder of circulation or cardiac function.
The mechanism responsible for the high plasma BNP level in patients with stable COPD is not well understood. In the present study, there was no significant correlation between plasma BNP level and %FEV1. However, there were significant differences in plasma BNP levels among patients at different stages when data for subjects with hypoxemia were added. There was no significant correlation between plasma BNP level and PaO2 at rest. This may be because the severity of COPD according to the guidelines is defined by %FEV1 alone rather than by PaO2. Weak but significant correlations were identified between plasma BNP level and % ejection fraction, and PASP. Furthermore, there was also a significant negative correlation between % ejection fraction and PASP in the present study. Previous studies have suggested that chronic overload of pulmonary pressure induces left ventricular filling impairment with a leftward septal shift, leading to decreased left ventricular function (31, 32) . Taken together, these findings suggest that the plasma BNP level reflects the presence of secondary PH and/or left ventricular failure in COPD. Another explanation for the high plasma BNP levels in subjects with COPD might be associated with exercise or sleep disordered breathing. Fujii and coworkers (33) have already demonstrated that BNP levels are markedly increased with exercise in subjects with COPD. It is also known that some subjects with COPD have overlap syndrome with obstructive sleep apnea, and that the proportion of PH patients with overlap syndrome is higher than that of patients with obstructive sleep apnea alone, and with COPD alone (34, 35) . Subjects with PH have elevated BNP levels. Therefore, disordered breathing during sleep might lead to high plasma BNP levels in subjects with COPD (14, 34, 35) . In the present study we excluded subjects who had a history of, or the presence of symptoms and/or physical evidence of PH or cor pulmonale. High PASP (>35 mmHg) as defined by echocardiography was observed in 5 (15.6%) of 32 subjects with COPD. These subjects were identified as having latent PH. Echocardiography therefore seems useful for the evaluation of PH and cardiac function in COPD patients, even if they do not have symptoms or physical evidence of significant PH and cardiac failure.
In addition, plasma BNP levels were elevated when exacerbations occurred in some subjects, as Stolz and coworkers have demonstrated (36) . Exacerbation is associated with a transient decrease in expiratory flow, which, in some cases, takes weeks to return to the baseline, although there are several different causes (1, 37) . Radical decreases in expiratory flow may lead to increased air-trapping and hyperinflation of the lung. It is possible that such hyperinflation is associated with decreased cardiac function and may lead to an increase of plasma BNP level during exacerbation (38) . Furthermore, it is well known that pulmonary embolism results in secondary PH (39) (40) (41) . Tillie-Leblond and coworkers (42) reported a 25% prevalence of pulmonary embolism in patients with COPD hospitalized for severe exacerbation of unknown origin. Elevated plasma BNP levels in some subjects with exacerbation might be associated with pulmonary embolism, although conclusive evidence for this is lacking (43) .
There were some limitations to the study. First, the correlation between high plasma BNP levels and mortality in COPD patients was not investigated. Stolz and coworkers (36) also reported that BNP levels failed to adequately predict short-term and long-term mortality rates in patients with exacerbation. It is possible that the sample size may have been too small or the study period too short. The present study was performed at a single institution, and a multicenter trial may be more appropriate. Second, it is still unknown whether monitoring of plasma BNP levels contributes to the management of patients with stable COPD. Plasma BNP levels were not measured at regular time points. Third, we did not verify the outcome of subjects with high plasma BNP levels when early intervention was initiated. This means that the efficacy of early diagnosis and intervention based on measurement of plasma BNP levels is still unknown.
In conclusion, we have demonstrated that plasma BNP levels are elevated in patients with stable COPD. A high plasma BNP level was shown to be an independent risk factor for exacerbation, but not mortality, in this patient cohort. Our results suggest that there is a correlation between a high plasma BNP level and PH or left ventricular dysfunction, and that the plasma BNP level may be useful for the differential diagnosis from asthma, and as a screening parameter for latent PH or left ventricular dysfunction and the probability of exacerbation. The plasma BNP level appears to be a promising and safe biomarker for the management of patients with COPD.
